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SUMMARY

Two turbosupercharger discs of 19-9DL alloy were included in &
general investigatlon to determine the properties of this material in
forgings of the size actually used in service. The two discs were given
hot—cold~warking treatments at 1300° to 13500 F., They differed only in
that one was solubtion—treated while the other was left in the as—forged
condition prior to hot—-cold—working, The contour forgings were made by
the Steel Improvement and Forge Compeny. One—half of each disc was
tosted by the General Electric Company. The other halves were sent to
the University of Michigan for investigation for the NACA,

The small size of the discs limited the nmumber of specimens and the
extent of testing. The data obtained by the General Electric Company
wore therefore included 1n this report to give a more complete survey
of the properties of the disecs,

It was found that the rupture strengths at 1200° F were good.
There was no appreciable difference 1n properties between the two
forgings; the benefits of hot—cold-work on rupture strengths at 1200° F
were not retained at 1350° F; rupture test ductility was very low; the
discs had falr uniformity of properties; and the properties compared
favorably with those of bar stock. The properties of the solution~
treated disc were about average for that type of treatment. The rupture
strengths of the as—forged disc at 1200° F were somewhat higher than
average for 10 and 100 hours.

INTRODUCTION

Alloy 19-ODL is one of the lower-alloyed materiale developed during
the war for high—-temperature service. The properties of this alloy in
various forms have been studied extensively. This report is concerned
with the properties of two approximately l12-inch-dlameter turbosupercharger
discs of this alloy.

The two discs differed in treatment iIn that one was solution—treated
and. the other was not, Both discs were hot—cold—worked in contour dies
at 1300° to 1350° F. Both were made from the same heat psed for a large
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gas—turbine rotor forging and bar stock concurrently investigated under
NACA sponporship. The principal obJect of the Investigation was to
determine the level of properties developed in these forgings and to
show the comparison of these properties with those of the same heat of
the alloy in other forms.

]

One—half of each of the discs was submitted for study at the
University of Michigan for the WACA. The ‘other halves were tested by
the General Eleciric Company and their data are included in this report
to glve a more complete property survey. Through the courtesy of the
General Electric Company Mr. W. L., Badger of their Thomson Leboratory
furnished camparative rupture strengths for 15 other turbosupercharger
discs. The work at the University was limited to rupture tests at 1200°
and 1350° F and two creep tests at 1200° F on each disc. The investige—
tion was conducted at the University of Michigan under the sponsorshiy
and with the financial assigtance' of the National Advisory Committee for
Aeronautics. It constitutes one phase of a research program, sponsored
at the University by the NACA, on the metallurgy of heat-resisting alloys
used in gas turbines for aircraft propulsion systems.

TEST MATERTAT,

The availeble infarmation concerning the two turbosupercharger
disce, ZD1952 amnd ZD195T7, of 19-9DL alloy is summarized as follows:

Steel producer:

The Universal—Cyclops éteel Corporation, Bridgeville, Pennsylvania
Disc mamufacturer:

The Steel Improvement and Forge Company, Cleveland, Ohio
Chemical composition:

Both discs were produced from heat B1O4W29, The chemical composi—
tion was reported to be the following percenteges:

C M St P S & N M W 0 T

— L— — — n— — —

0.33 1.14 0.65 0.016 0.015 19.10 9.05 1.35 1.14% 0.35 0,16

Fabrication procedure:
The following information, concerned with fabricetion of the two
discs, was supplied by the Unlversal—Cyclops Steel Corporation and
the Genersal Electric Company. Both discs were fabricated the same
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way with the exception of the solution treatment given disc ZD1957
listed in item (3) below:

(1) Billets were obtained from a 10,000-pound arc—furnace heat

(2) Approximately 12-inch-diameter turbosupercharger discs were
forged from the billets

(3) Heat treatment:
Disc ZD1952: None ]
Disc 7ZD1957: Heated at 2100° F for 1 hour and air—cooled

(4) Both discs were hot—cold—worked at 1300° to 1350° F in closed
contour- dles

(5) Both discs were stress-relief ammealed at 1200° F for L4 hours
and air—cooled

The shape of the contour forgings is shown in figures 1, 2,
and 3.

EXPERIMENTAT. FPROCEDURE

The half sections-of the two turbosupercharger disc¢s supplied to
the University.of Michigan were intended to bPe used for rupture and
creep tests at 1200° and 1350° ¥ to time periods of 2000 hours. The
following testing program was used:

(1) Rupture tests at 1200° and 13500 F
(2) Creep tests at 1200° F under stresses of 15,000 and 20,000 psi

(3) Metallographic, tensile, and hardness tests when possible to
determine stability characterlstics of the material

The necessary test specimens were machined from coupons cut from
the forgings according to figure 1. Included in this figure is the
sectioning diagram for the halves of the discs tested by the General
Electric Company. Locations of the General Electric Company tensile
specimens are shown in figures 2 and 3. . Creep tests were conducted on
0.400-inch—diameter specimens with a 2-inch gage length., The specimens
for rupture tests were 0.160-inch dlameter with a l-inch gage length.

"

RESULTS

The small size of the discs limited the number of specimsns and the
extent of testing. For this reason General Electric Company tensile,
hardness, and rupbure data for the two discs have been included in this
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report to supplement the rupture and creep data obtalned at the
University. The data are presented as a series of tables and figures
which show the rupture, time-defarmation, creep, stability, hardness,
and tensile characteristics.

Rupture Test Characteristics

The rupture test date at 1200° and 1350° F are given in table I,
The usual double—logarithmic curves of stress against rupture time are
shown in figure 4. Rupture strengths and estimated ductilities to
fracture are included in teble I.

There was no appreclaeble difference In rupture strength between the
two forgings at either temperature. At 1200° F gtrengths for rupture
in 100 and 1000 hours were 52,000 and 37,000 psi, respectively. Corre—
sponding strengths at 13500 F were 24,000 and 13 ,000 psi, The ductility
to fracture was very low for both d.iscs , ranging from 1 to 3 percent
elongation at both 1200° and 1350° F,

Tme—Deformation Characteristics

This type of information is limited to results from two creep tests
and several low-deformation rupture tests at 1200° F, The available
time—deformation data are given in table IT and plotted to coordinates
of stress againgt the logarithm of time in figure 5. These data were
obtained from the curves of time against elongation from the creep tests
and rupture tests. From the limited data it was estimated that the two
discs had the same time—deformation strengths. These are given in
table III. Figure 5 and teble IIT Include comparative data for the large
forged turbine disc made from the same heat, BLO429. (See refer—
ence 1.) The hot—cold—worked turbosupercharger discs had substantially
higher deformation resistance at total deform.tions ebove 0.1 percent
than the large forged disc.

Creep Strengths

Creep retes far the creep and rupture tests at 1200° F are given
in table IT. The creep rates from the creep tests are those at 1000 hours.
It appeered from the creep test of 2000-hour duration &t 20,000 psi on
disc ZD1952 that the 1000-hour creep rates were probably higher than the
minimm rates which would have been obtained if the tests had been con—
timmed for longer time periods. .

Creep rates are plotted agalnst stress on double—logarithmic coor—
dinates in figure 6. Because of the very limited amount of creep test
data obtained for the turbosupercherger discs, the curve of stress
sgeinst creep rate for the large forged tm-'bine disc of 19-ODL is drawn
on this figure and the points for the turbosupercharger discs compared
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with this curve. The creep strengths of the turbosupercharger discs
were estlimated to be approximately equal and were the same as those for
the large disc. These strengths were 25,000 psi to produce a creep rate
of 070001 percent per hour and 11,000 psi for a rate of 0.00001 percent
per hour.

Stability Characteristics

After creep testing at 1200° ¥, the room-temperature tensile prop—
erties of a specimen from disc ZD1952 were substantially the same as
those of the original material. (See table IV.,) There was a decrease
in hardness during rupture testing of both discs, this decrease being
quite apprecisble at 1350° F,

The microstructures of the ariginal material and of specimens after
completion of rupture tests are shown in figures 7, 8, and 9. The
original microstructure indicated that there was more fine precipitated
phase present in disc ZD1957, which was solution—treated prior to hot—
cold~work, than in disc ZD1952. A considerable variation in grain size
within each disc is indicated by the difference in grain sizes of the
1200° F rupture specimens and the samples used for the original
structures.

Rupture testing at 1200° F did not change the structure noticeably.
There was considerasble precipitation and agglomeration of excess constit—
uents during testing at 1350° F which, with the accompanying hardness
decrease, indicate structural instability in the material.

Data from the General Electric Company Ieboratory

Half sections of each of the two turbosupercharger discs were
examined by the General Electric Company for temsile properties at room
temperature, 1200°, and 1500° F, hardness at room temperature, and
rupture characteristics at 1200° F. Tensile and hardness data are given
in figures 2 and 3. The rupture test data are plotted in Pigure 4 with
the University of Michigan results. (See reference 2.)

The Brinell hardness tended to be higher neaer the rim than near the
center of each disc. No apparent difference in hardness existed between
the discs. The discs had similar tensile properties. There was a slight
tendency for the material from near the center to be weaker than material
from near the rim, The ductility tended to be less at 1200° F than at
room temperature or at 1500° F,

DISCUSSION OF RESULTS

There were no appreciable differences observed in any of the prop—
erties of the two turbosupercharger discs of 19-9DIL alloy. The solution
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treatment prior to hot—cold~work on the ome disc 1s therefoare considered
to have had no appreciable effect on the properties studied. It should
be recognized, however, that the forging conditions could have been
equivalent to an effective solution treatment if the finishing tempera—
ture had been high, The solution treatment on disc ZD1957 would have
had little effect under this condition and would not have appreciably
changed its structure from that of disc ZD1952 which probably was effec—
tively solution—treated during forging.

An ummeual opportunity to determine how well the two discs covered
by this investigatlion represent the properties of average production of
such discs is provided by the data in table V. The General Electric
Company furnished the rupture strengths at 1200° F used in this table
for 15 other discs. The solution—treated and hot—cold—worked disc ZD1957
had properties quite close to the average for dlscs treated in that
memmer. Somewhalt higher properties than average were exhibited by the
forged and hot—cold-worked disc ZD1952.

The data in table V indicate that solution~treating prior to hot—
cold—work does have the advantage of improving rupture strength at 10
and. 100 hours at 1200° ¥, The forged and aged discs were somewhat
stronger at 1000 hours. Both types of treatment, however, result in a
spreed in properties between different discs. The data for disc ZD227T3
also illustrate the possibllity of an occaslonal disc of very low
strength when a solution treatment is omitted.

Heat BLO429 of 19-9DL has been tested also as a large forged gas—
turbine disc and as bar stock., A comparison of tensile and rupture
properties for these farms is glven in table VI, Included in this
table are data for two 20—-inch-diameter contour—forged discs of
190-9DT. alloy made fraom another heat. ’

The two turbosuperchérger discs had rupture strength and ductility
at 1200° F gimilar to those of bar stock R19-9DL, which had been hot—
cold—sworked 20 percent at 1200° F, However, tensile test strength
properties were lower than those of hot—cold-worked bar stock. The
turbosupercharger discs were superior in tensile and 1200° F rupture
strength to the large as—forged turbine disc of the same heat. However,
they had much lower rupbture test ductility than the large disc.

The turbosupercharger discs had properties quite similar to the
large contour disc hot—cold—worked at 1250° ¥, The contour disc hot—
cold-worked at 1650° F haed lower strength and higher ductility.

The superiority of hot—cold—rorked over as-forged 19-ODL discs in
rupture strength at 1200° F diminished with time. The hot—cold—worked
material did not exhibit any Improvement in ductility with time and in
this respect was still quite inferior to the forged or solution—treated
material at long time periods. Rupture tests at 1350° F indicated that
the imgprovement in strength properties at 1200° F due to hot—cold-work
was not retalned at higher temperatures and that the low rupture ductility
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was still present. The 100- and 1000-hour rupture strengths at 1350° F
for the large as—forged disc were 23,000 and 13,500 psi, which were
similar to the strengths for the smaller hot—cold—worked turbosupercharger
discs. Corresponding rupture ductilities were 35 and 23 percent as com—
pared. with approximately 2 percent for the smallier diges. The structural
instability of the small discs at 1350° F, which was similar to that of
the larger gas—turbine disc, probably accounts for this equalization of
strengths at 13500 F,

The erratic results in the rupture tests at 1200° F ghown by both
the Michigan and General Electric data (see fig. I) are probably partially
due to variation ln sample location and partially to an inherent erratic
characteristic associated with the low deformations .in the materials.
The location of the samples cut from such discs does have considerable
influence on the resulting rupture strength. Idikewise the erratic test
data from specimens from discs may provide somewhat misleading results
if gufficient tests are not run to obtain a good average curve of stress
against rupture time, The difference in reported rupture stremgths for
disce ZD1952 and ZD195T between that indicated by the combined data from
two lebaratories in figure 4 and the values based on a limited nmumber of
testes from one laboratory in teble V illustrates the need for complete
test data. Both factors may have contributed to the wide spread in
rupture strengths indicated by taeble V as well as actual strength dif-—
ferences between discs.

From the results for these two turbosupercharger discs, it is
believed that hot—cold~working such discs develops rupture and time—
deformation strengths at 1200° F near the top limit of the range in
these properties obtalned for 19-9DL alloy as bar stock.

CONCLUSTIONS

From a study of the properties at room temperature, 1200°, and 1350° F
of two turbosupercharger discs of 19-ODL alloy the following conclusions
were mede: .

1. Wo particular improvement in properties over an as—forged disc
was obtained from a solution treatment when’ subsequent hot—cold—work was
used.

2, The rupture properties at 1200° F of the, disc solution treated
before hot—cold—working were probebly quite typical of the treatment.
The disc hot—cold—worked in the as—forged condition had somewhat higher
rupture strength at 10 and 100 hours than the average for that type of
treatment.

3. The lack of improvement In properties from a solution treatment
wag probably related to the forging conditions. It suggests that the
finighing conditions during forging were such as to solution—treat effec—
tively both discs and the subsequent solution treatment of one of the
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discs did not have an appreciable added effect. Other farging conditions
could result in quite different comparative results.

), Hot—cold—working the turbosupercharger discs developed strength
properties at 1200° F at the high end of the range of properties possible
for this alloy. At 1350° F no beneficlal effect was obtained fram hot—
cold-work. Rupture test ductility of the hot—cold—worked material was
very low at both 1200° and 1350° F,

5. The two disce showed falr uniformity of properties. Erratic
rupture test times at 1200° F were probably due in part to sample loca—
tion and in part to an inherent erratic characteristic of hot—cold—

worked material with low rupture deformation.

6. The properties of bar stock of 19-9DL were reproduced quite well
in the turbosupercharger discs.

University of Michigan
Amn Arbor, Mich., May 26, 1947
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TABLE I

RUPTURE TEST CHARACTERISTICS AT 1200° AND 1350° F

OF TURBOSUPERCHARGER DISCS OF 19-9DL ALLOY

[A11 specimens were radial near the rim|

Test Stress Rupture Elongation Reduction
Diso temperature ( Bg) time in 1 in. of area
(°F) P (hr) (percent) (percent)
7ZD1952 1200 60,000 26 5 3.7
(Forged; 50,000 41 1.5 3.7
hot—cold— 45,000 289 1 1.2
worked ) 4o,000 282 1 1.2
37,500 957 2 3.2
1957 1200 55,000 34 1.5 3.1
(Forged.; 50,000 212 3.5 5.1
solution— 40,000 504 1. 2.3
treated; - 35,000 75 2 2.k
hot—cold—
worked )
ZD1952 1350 30,000 38 2.5 2.5
22,500 152 2 3.7
20,000 235 3 k0
15,000 601 0 0
ZD1957 1350 30,000 %0.5 3 1.2
25,000 62 2 3.7
20,000 172 p! 3.1
17,000 38 2 2.3
Rupture strength '
Test -
Disc temparature Stress (psi) for rupture in
10 hr 100 hr 1000 hr
ZD1952 1200 258,000 52,000 37,000
ZD1957 1200 258,000 52,000 37,000
ZD1952 1350 0 | =eeee- 24,000 13,000
ZD1957 1350 | eeeee- 24,000 13,000
B ———— e ———— m
Rupture ductility -
Test Egtimated elongation (percent)
Disc temperature o rupturs in —
(°F) 10 hr 100 hr 1000 hr
7ZD1952 1200 5 2 2
ZD1957 1200 3 3 2
ZD1952 1350 - 2 1
1957 1350 - 3 1
8Egtimated. W

e e e et s m = - e - o



TABLE IT

DATA ON STRESS AND TIME FOR TOTAL DEFORMATION AT 1200° ¥

FOR TURBOSUFERCHARGRR DISCS OF 15-9DL ALIOY

Trensition to third—

Toitial Mme (br) for total defarmations of — stage oreep
DL Stress orm (a) Creep rate
% | (pst) d?f tic)m Time | Doformetion | (PeTCent
poroent) 10,1 percent | 0.2 parcent | 0.5 percent |1 peroant | (i) (p;':’:";mgm
m1952 15,000 000725 38 == - —— - —— bo_ooooag
20,000 .1005 ——- 1170 - — ——— ——- 000053
37’5m 0.19 -—— - —— ™ 580 760 1.1 d'.OOOB
k0,000 ©,20 --- — 8 K0 - - 4’0010
45,000| ©.23 - . - 1 -—-- --- d,0027
50,000 ] ==---- --- -~ me= ~=- m-e- cem ] ammmena-
60,000 | --=--- —- R S— R [
zig57 | 15,000 |  .0728 325 ---- --- “an —--- I -
20,000 .1090 -== 1060 - - . === -—- b, 000047
5,000 [ ©,17 === === 190 810 1400 1.5 40005
0,000 f ©.20 === - 20 T 40005
» 90,000 °.27 --- -=-" -=- 35 100 1.3 .0022
55,000 | w=mmen - — - e e i IRchtut e

8ot of the rupture tests showed no apparent evidence of third—stage oreep
mrior to frecture.
PCresp rate et 1000 hr for creep tests,
STnitinl deformeticns Por rupture tests estimated from stress—strein curves
from tensile tests at 1200° F.
dMinimum oreep rate for rupture tests..
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TIME-DEFORMATION STRENGTHS AT 1200° F OF TWO TURBOSUFERCHARGER

TABLE ITI

DISCS ARD A GAS-TURBINE DISC OF 19-9DL ALIOY

mobal Btress (psi) to cause total
+ -
Type forging defarmation deformation in
(percent) 10 hr 100 kr 1000 I

Turbosupercharger 0.1 17,000 15,000 13,000
disos ZD1952 .2 27,000 23,500 20,000
and 7D1957 5 41,000 36,500 32,000
(Approximately 12 in. 1.0 48,000 41,000 35,000
in diemeter.) Tremgition @ | — ~----- 50,500 36,500
Turbine disct 1 16,000 14,000 12,000
(cheese forging) .2 24,000 21.,000 17,000
(Avproximately 20 in. .5 29,000 26,000 23,500
in diemeter.) 1,0 32,500 29,000 ,

Trangition @ |  «=we-- 39,000 33,000

lSee refersnoe 1.

~%E
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TAELE IV

EFFECT (F CREEP AND RUPTURE TESTING ON THR PHYSICAL FROPERTIES QF

TURBOSUFERCHARGER DIBCS OF 19-ODL ALIOY

Priar testing conditions

Regidual room-tsmperature rroperties

Diso Tensile 0,02-percent—offaet Reduotion
Type Tam;femh:re Btress | Time g yield gtrengtl Dongation of area Vickers
test °F) (pei) (hr) (Pﬂig (pat) (percent) (parcent) hexdnoss
mgse | (a) (a) (a) | (a) | P133,600 b8k, 900 b3 b33 340
Creep 1200 20,000 | 2600 | 135,000 71,500 16 33 ——-
Rupture 1200 37,500 | 957 | ==e==m- ——— - - 320
Rupture 1350 15,000 | 60L | eememmm | acmee- - - 288
1957 | (a) " (a) (a) (a) | P132,100 bg3,200 by b33 323
Rupture 1200 R L I e — -- - 306
Rupture 1350 17,000 | 348 | wememe= [ wmceee L - - 288

. 80riginal condition,

DGeneral Electric Company data.

Average for radial specimens.

GEGT *ON NI VOVE
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RUPTUEE STRENQTES OF 17 TURBOSUPERCHARGER DISCS AT 1200° ¥

TAELE V

Forged; salution-treated; hot—cald-warked Forgaed; hot—oold-worked
Rupturs strengths Ropture atrengthe
Diso (pet) Dise (pe1)
10 hr 100 hr 1000 hr 10 hr 100 b Hy 1000 Ir
Goenaral Kleotrio Coxpany date
201957 50,000 47,000 31,000 Zplg52 sk, 100 beoo | e
ABT6 | eemee- 22,500 39,000 HcE2 58,500 48,000 39,000
ABIl ] eemaa 51,000 | sneea- 201001k | 2 ee=ee—- 18,000 | @ -em---
A-T1L 61,500 55,000 36,000 by SRR SR L L E L LY 1,800 25,600
A-638 5,500 47,500 34,ko0 ZD1994 53,000 44, 000 »300
A7B0 | i 53,000 37,000 202015 +800 37,000 3,000
ATEL | emeee- ,000 | memma- ZDIghS 7,000 42,000 Lo,500
2D2265 60,000 5,000 33,800 1978 56,500 50,000 43,000
701967 60,300 50,800 43,000
Average 59,300 50,900 35,200 Avarage 5k, 500 46,500 38,600
University of Mickigan results
8201957 58,000 52,000 37,000 8zZn1952 58,000 52,000 37,000

elinp'lm-e strengths, far the two disos coversi by this repart, based on the combined test data
from the Universlty of Michigan emd the Gsmeral Electric Company.

-

(800 fig. 4.)
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TARLE VI

COMPARATIVE PROPERTIES OF TURPCSUPERCHARGHER DISCS, GAS-TURNINE DISOS, AND BAR SPOCK OF 19-ODI ALLOY

(:|.)m'6 Rock-temparature phyaical proparties Bvptuze properties ot 1200° ¥
(average for radial specimens on disas) 00 2 1000 o
“r forging ':;:" = tang?wn Tonsiie nﬂ%r:i) Elongaticn h-imu Eloogats Klongation
Tonpere— | gy, "““fu‘ parcent) | hardna 9‘"“?“‘ pmuntm 3‘“““?“‘ anb)
1(%3 (tr) | Cooli=g (3a1) 0,02 pergent | 0.2 parcent ¢ ) "= | tpmt) | € (e) | et (pu(-;)
Disc g2 | MM | ---- [-=- [ —-= [1300 to 1350 | 153,600 { B,900 | --—-- &5 [esos00 | o000 [ 2 | 3,000 2
Diso 21957 | Ekeo | 2200 | 1 | A.0.3 | 1300 to 2350 | 138,200 83,200 | —-mme 2, ‘260300 | se,000 3 37,000 2
m mog| (3 [ | 5 | meeeemee — |1o%,700 | 3,01 5,700 30 | 185220 | 40,000 ot 34,000 16
e’
Torging)
e atoof| mare8| mmo | 2 | walT 1050 119,600 | 70,500 90,500 86 | eh6-253 | 47,000 3 38,500 1
19;9‘5-3!!' Bt (3) 9 (9) | =mmmmmememee 132,000 70,500 950,000 3 phao5 | ==—-- N . --
st )
mogn b | moeg| 00 | 1 | WA | oo 108,390 | 26,500 he,250 53 |186-28y | 43,000 o L 3,50 20
bar | B 2200 200 200 5000 2k 000 ] ,000 3
ﬁ:igl- ok | (9) (9) (9) (20 ) 1ok, 220 123 . 33333 | 73, )
1811 forgings were given a final strexs-ralief tweatment at 1200° F, W
Zagtimated, )
3a.0., air—ocoled.
raferencs 1.
St-farged to 1640° T,
referanss 3,
.q., wabar—gnenched.
referenae k.
TRot-redled to 16k0° T,

GECT *ON M VOV
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General Electric
Company test
section

15

University of
Michigan test
section-

—

1 Tensile specimens
9 ( (0.250-in, diameter)
(See figs. 2 and 3.)
3 Rupture specimens
(0.160-in. diameter)

' Al 1200° F creep specimens
B{ (0.400-in. diameter)

C Rupture specimens
(0.160-in. diameter)

Figure 1.- Locatjon of test coupons in two turbosupercharger dises (2D1952
and ZD1957) of 19-9DL alloy.

a
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Unlversal-Cyclops certified chemical analyaia
a Mo P 8 81 Or Hi Mo W nL Cb
0.33 | 1.2k} 0.006°| 0.005 | 0.65 | 19.20| 9.05 | L39| 1.14| 0.26 | 0.95
Tont 0.250-1in, specimens pulled at test temperatures
‘tempera~ Speci-| Tensile 0.02.parcent- | Flanga- Redunotion
ture mn [ offeet yisld o in of ares
{oF) {pei) strength 1 in. (perosmt)
- (psi) {peroent)
Boom 1 132,600 90,000 3L ho
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Figure 2.- General Electric Company data on disc ZD1952 of 19-9DL alloy. (Data from reference 2.)
.Drawing represents two slices from the center section of the disc, giving 16 short-time test specimens,
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Figure 3.- General Electric Company data on disc ZD1957 of 19-9DL alloy. (Data from referenca 2,)
Drawing represents two slices from the center section of the disc, giving 16 short-timse test specimens,
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Figure 4:- Curves of atress against rupture time at 1200° and 1360° F for turbosupercharger discs

of 19-9DL alloy.
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Figure 5.- Curves of stress against time for total deformation at 1200° F for two turbosupercharger

discs and a turbine disc of 19-2DL alloy.
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Figure 8.- Curve of stress against creep rate at 1200° F for two turbosupercharger discs and a
turbine disc of 19-8DL alloy. All data above 25,000 psi from rupture tests,
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(a) Disc ZD1952; radial section near rim of disc.

——

D

100X 1000X
(b) Disc ZD1957; radial section near rim of disc.

Figure 7.- Original microstructures of turbosupercharger discs of 19-9DL
alloy. Electrolytic chromic acid etch.
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(a) Disc ZD1952;

957 hours for rupture under 37,500 psi.
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Figure 8,- Microstructures of 1200° F rupture specimens of turbosupercharger
discs of 19-9DL alloy. Electrolytic chromic acid etch.
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Figure 9.~ Microstructures of 1350° F rupture specimens of turbosupercharger
discs of 19-9DL alloy. Electrolytic chromic acid etch.




